Introduction
[2] The intermediate waters of the Arctic Ocean's Eurasian continental margins are influenced by the confluence of the warm and saline Atlantic Water (AW) inflow through Fram Strait with the denser, colder and slightly fresher AW inflow through the Barents Sea that enters the Arctic Ocean between Franz Josef Land and Severnaya Zemlya [Rudels et al., 1994 ; Figure 1 ]. The difference in characteristics between the Fram Strait branch of AW (FSBW) and the Barents Sea branch of AW (BSBW) is mainly explained by 2 processes: (1) cooling and ventilation of the BSBW by air-sea interactions over the Barents Sea shelf [Schauer et al., 2002a [Schauer et al., , 2002b Falkner et al., 2005] and (2) freshening due to interaction with the fresher Norwegian Coastal Current [Schauer et al., 2002a [Schauer et al., , 2002b . The merged AW branches are found at intermediate (150 -1000 m) depths and follow the Eurasian Basin bathymetry in a cyclonic sense as a narrow, topographically trapped boundary current [Timofeev, 1957; Aagaard, 1989; Woodgate et al., 2001; McLaughlin et al., 2002; Schauer et al., 2002b; Karcher et al., 2003; Polyakov et al., 2005; Dmitrenko et al., 2008a] .
[3] Although rarely reported, there is actually every reason to expect seasonality in the AW boundary current. The varying inflow of the warmer and saltier AW into the Arctic Ocean is believed to correlate with the variability of large-scale atmospheric patterns [Dickson et al., 2000] . It seems that stronger cyclonic atmospheric circulation over the North Atlantic during winter drives substantial seasonality in the AW inflow into the Arctic: Ekman transport driven by winter southwesterly winds results in higher inflow of both FSBW through Fram Strait [Morison, 1991; Fahrbach et al., 2001; Schauer et al., 2004] and BSBW through the Barents Sea Western Opening (BSO, Figure 1 ) Ingvaldsen, 2005; Ingvaldsen et al., 2004a Ingvaldsen et al., , 2004b . From long-term mooring observations across the West Spitsbergen Current, for the -1999 period, Fahrbach et al. [2001 reported a maximum FSBW monthly transport in winter (February) of 20 Sv, and a minimum of 5 Sv in summer (August). In contrast to Fram Strait, 2004 -2006 mooring observations downstream on the continental slope off Spitsbergen surprisingly revealed no substantial seasonal signal in the velocity of the FSBW along-slope boundary current; with this current remaining fairly constant throughout the year . In an analysis of 1-year mooring observations in the BSO in 1997 -1998 , Ingvaldsen et al. [2002 also detected no substantial seasonal signal in the BSBW inflow transport, even though their measurements indicated current intensification, strong lateral velocity gradients, and a distinct, surface-intensified, relatively high-velocity core inflow driven by the frequent passing of atmospheric lows in the winter. During the summer the inflow area was wider than in winter, and there were two lower-velocity inflow cores. From a longer mooring record however, 1997 -2001, Ingvaldsen et al. [2004b] did find wind-forced intensification of the BSBW winter transport, which was typically 0.4 Sv greater than the mean summer transport of 1.3 Sv. Current measurements carried out during 1991 -1992 in an array in the northeastern Barents Sea between Novaya Zemlya and Franz Josef Land $1200 km downstream of the BSO exhibited a clear seasonal signal; with maximum flow occurring in November-February, with a peak value of 3.1 Sv in December. This value was twice as high as the minimum flow observed during the summer [Loeng et al., 1993; Loeng et al., 1997; Schauer et al., 2002a] .
[4] The seasonal temperature signal in the AW inflow is also well documented. For the FSBW inflow, multiyear measurements in Fram Strait [Quadfasel et al., 1991; Schauer et al., 2004] confirm the existence of a strong seasonal signal in water temperature in the West Spitsbergen Current, with minimum values in January -March. During 1980 -1991 the observed surface temperature seasonal amplitude ranged between 4°C and 8°C. Using mooring observations from 1997 to 2006, U. Schauer (personal communication, 2007) suggests the seasonal amplitude in Arrows trace the AW pathways; white and blue arrows show the Fram Strait and Barents Sea branches, respectively, of the AW inflow into the Arctic Ocean as per Rudels et al. [1994] . Yellow circles mark the mooring positions. Red line in Figure 1a shows CTD cross-slope transect carried out in 2003-2007. Yellow shading in Figure 1b shows location of the East Severnya Zemlya (ESZ) coastal polynya as per Bareiss and Görgen [2005] . Bathymetry is adapted from the International Bathymetric Chart of the Arctic Ocean (IBCAO), 2001 version [Jakobsson and IBCAO Editorial Board Members, 2001] . temperature varies from 1 to 2.5°C. This seasonal signal was traced $600 km downstream over the Nansen Basin continental slope off Spitsbergen. In 2004 -2006 , it exhibited a clear seasonal amplitude of $3-4°C in the 70-to 215-m water layer, with maximum and minimum values in AprilJune and November-December, respectively . The BSBW seasonal signal dominates the power spectrum of temperature and salinity over the BSO [Furevik, 2001; Ingvaldsen et al., 2004a] . The conductivity-temperature-depth (CTD) section across the southern BSO sampled 6 times each year from 1980 to 1996 reveals a clear seasonal cycle in temperature with minimum temperature during January -February and a seasonal amplitude of $4-6°C. This signal retains its identity over the Barents Sea shelf [Schauer et al., 2002a; Smolyar and Adrov, 2003] , and has also been documented $1200 km downstream over the eastern Barents Sea [Loeng et al., 1993; Loeng et al., 1997; Schauer et al., 2002a] . The 1991 -1992 mooring record showed maximum temperature values in October -November ($0.8-0.9°C) and minimum values in January, when the BSBW seasonal signal has been substantially modified by local sea-ice processes [Schauer et al., 2002a] .
[5] The far-field effects of the FSBW and BSBW inflow are traceable thousands of kilometers downstream over the Nansen, Amundsen, and Canada basins [Carmack et al., 1997; Woodgate et al., 2001; McLaughlin et al., 2002; Karcher et al., 2003; Woodgate et al., 2007; Dmitrenko et al., 2008a Dmitrenko et al., , 2008b . Therefore it is surprising that an AW seasonal signal driven by upstream seasonality has never been reported downstream of the FSBW and BSBW confluence in the northern Kara Sea. This paper addresses the issue of seasonal variability of the AW intermediate layer in the eastern Laptev Sea (Figure 1 ), the area located near the junction of the Siberian continental margin with the Lomonosov Ridge, approximately 1200 km downstream of the FSBW and BSBW confluence at the St. Anna Trough. Our paper uses the 3-year (2004 -2007) mooring records of temperature, salinity, and currents from the FSBW and BSBW core depths at mooring site M2, as well as shipboard CTD sections taken across the continental slope at $144°E near the mooring position during August -September 2003 . We demonstrate that the entire AW layer exhibits seasonal variability in temperature and salinity that is superimposed on the warming tendency that has been observed in this area since 2004 [Polyakov et al., 2005; Dmitrenko et al., 2008a] . More specifically, our study focuses on the seasonal modification of the entire AW layer that seems to occur upstream over the Kara Sea continental slope by interactions between the FSBW and BSBW inflows, and is then advected downstream along the Laptev Sea continental slope to the mooring position, still retaining distinctive seasonal properties in temperature, salinity, and water dynamics. We define the maximum cross-slope AW core temperature and velocity layer as an AW jet. The AW jet is not resolved by our single mooring observations. The maximum intermediate water layer temperature marks the FSBW core. The temperature and salinity intermediate minima over the depth range of 400-1100 m beneath the FSBW layer is defined as the BSBW core.
[6] The paper is structured as follows. Section 2 is a brief description of data. Section 3 addresses several specific aspects of time series composition that are important for further data interpretation. Using 2004 -2007 temperature, salinity, and velocity observational data, section 4 reveals the characteristic difference between seasons in terms of their water dynamics, thermohaline, and spectral properties. Section 5 puts our findings into the context of upstream thermohaline and water dynamics patterns to determine possible causes of the AW layer seasonal modification. Section 6 summarizes our conclusions and points out deficiencies in our analysis.
Data
[7] The data used in this study were collected from a conventional mooring named M2 deployed at 79°55 0 N, 142°21 0 E offshore from the eastern Laptev Sea continental shelf break near the junction with the Lomonosov Ridge (Figure 1 ) in $1250-m water depth. With annual redeployments in August -September, this mooring collected data for three consecutive years (2004 -2005, 2005 -2006, and 2006-2007) . Table 1 [8] The CTD and current meters provided 60-minute interval (RCM-11s) and 15-minute interval (SBE-37s) 3-yearlong records of velocity, conductivity, temperature, and pressure at fixed depths. The 3 years of velocity data from the ADCPs was taken at 4 m depth intervals, with a 60-minute ensemble time interval and 60 pings per ensemble. The SBE-37s at 253 m (2004 -2005), 267 m (2005-2006), and 216 m (2006 -2007) , and RCM-11s at 254 m (2004 RCM-11s at 254 m ( -2005 and 275 m (2005 -2006 and 2006 -2007) were located near the FSBW core and measured positive temperatures throughout the year. The SBE-37s at 772 m (2005) (2006) and 781 m (2006-2007) , and RCM-11s at 824 m (2004 RCM-11s at 824 m ( -2005 RCM-11s at 824 m ( ), 839 m (2005 RCM-11s at 824 m ( -2006 RCM-11s at 824 m ( ), and 856 m (2006 RCM-11s at 824 m ( -2007 were located near the BSBW core and measured temperatures nearer to 0°C.
[9] Records from instruments located outside the FSBW and BSBW cores are used in this paper only to check the reliability of TS at the instruments in the cores. For example, from this comparison, the conductivity records from the RCM-11s were considered unreliable since they yielded an unrealistic salinity range of 24 to 36 psu and these records were omitted. From the ADCP data, only the ADCP record from 2006 -2007 was employed in this analysis. It was used to verify the upper-level RCM-11 velocity record.
[10] Mooring-based observations were complemented by annual oceanographic CTD transects across the eastern Laptev Sea continental slope (Figures 1a and 2 ) taken from the icebreaker Kapitan Dranitsyn (2004 Dranitsyn ( -2006 and the RV Viktor Buynitsky (2007) in August -September using a shipboard SBE19+ CTD. The maximum depth of these casts was 1100 m, and within this range, most of CTD casts were taken down to $15-20 m above the seafloor.
[11] According to manufacturers' estimates, individual temperature and conductivity measurements are accurate to ±0.005°C and ±0.0005 S/m, respectively, for the SBE-19+, and to ±0.002°C and ±0.0003 S/m, respectively, for the SBE-37. RCM-11 Doppler Current Sensor precision and resolution are reported to be ±1% of reading and ±0.3 cm/s, respectively. Compass accuracy is ±5 deg. The RCM-11 temperature sensor is accurate to ±0.05°C. RDI ADCP precision and resolution are ±0.5% and ±0.1 cm/s, respectively. The ADCP velocity estimated error was of 0.5 cm/s. Compass accuracy is similar to that of the RCM-11.
[12] Monthly mean surface air temperature (SAT) over the western Laptev Sea was derived from the National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis data set. The horizontal resolution of the NCEP-derived data is 2.5°o f latitude and longitude. Sea-ice concentration data are from the AMSR-E ASI ice concentration data set which has a grid cell size of 6.25 Â 6.25 km . Seaice concentrations were calculated with the ARTIST (Arctic Radiation and Turbulence Interaction Study) sea-ice (ASI) concentration algorithm using AMSR-E 89 GHz brightness temperatures . The sea-ice daily mean and SAT monthly mean data were collected and averaged for 2003 -2007 over the area of the East Severnaya Zemlia (ESZ) coastal polynya shown in Figure 1b according to Bareiss and Görgen [2005] . The sea-ice extent (SIE) over the ESZ polynya area was defined as the area of all 6.25 Â 6.25 km grid cells with ice concentration higher than 15%.
Data Quality and Processing
[13] The data quality is generally good with the exception of salinity data from the RCM-11s which were omitted from this analysis. In contrast to the salinity data, high correlations between SBE-37 and RCM-11 temperature records from adjacent depth levels (not shown) supports the quality of the RCM-11 temperature data. The RCM-11 velocity record quality is confirmed by high correlations with the ADCP-derived velocity data from the adjacent level within the FSBW layer (2006-2007 only, not shown) . Although the SBE-37s and RCM-11s were not calibrated between 2004 and 2007, no substantial trend in temperature and salinity is found in the data, and the majority of mooring- [14] The following procedure was employed for data processing. First, all SBE-37 pressure readings were checked to verify that they fell inside the interval of ±5 m from the mean depth level of the instrument. The RCM-11 pressure sensor data were not used because of very poor accuracy and resolution. On average, about 2% of readings were excluded from further analysis, when devices were carried far below the assigned depths of deployment, probably as a result of substantially increased current speed. Gaps in the data which appeared after this procedure were filled in by linear interpolation.
[15] In a second step, all time series data were averaged over a 1-day interval to remove noise and high-frequency tidal and inertial oscillations. The data gaps between mooring recovery and redeployment (1 -2 days) were filled in by linear interpolation. The current direction was corrected by adding mean magnetic deviation (À10.15 deg), calculated for the mid-time of 3-year deployment [2006] with the International Geomagnetic Reference Field Model 10 (IGRFM10) (http://www.ngdc.noaa.gov/IAGA/vmod).
[16] Finally, the SBE-37 temperature and salinity records from the FSBW layer at 253 m (2004 -2005), 267 m (2005 -2006), and 216 m (2006-2007) were adjusted to the target depth of 260 m by correcting each daily mean value by
where y indicates tracer of temperature or salinity, Dz is the difference between the actual depth of measurements and a target depth (260 m), and @y/@z is the vertical gradient of y between the actual depth of measurements and a target depth (260 m). The @y/@z was derived from the CTD profiles taken at consecutive mooring deployments and recoveries; N is the number of days between deployment and recovery; and index i indicates the current day number starting from the date of deployment. This adjustment procedure assumes that thermohaline properties change linearly through both the depth range between the actual depth of measurements and a target depth of 260 m, and the entire observational period between mooring deployment and recovery.
[17] The same procedure was applied to adjust the SBE-37 salinity records from 772 m (2005) (2006) (2006 -2007) which were closer to the target depth than the SBE-37s. The velocity records from the RCM 11s were conventionally assigned to the target depths with no data adjustment.
Results

Background Atlantic Water Layer Oceanography
[18] Here we document the recent AW warming at the M2 mooring site through the analysis of 2003-2007 observational data from summer snapshot CTD transects crossing the slope at the M2 mooring position ( Figure 1a ). The CTD transects from 2003 -2007 indicate that the M2 mooring site samples the AW anomaly warming seen in the region since 2004 [Polyakov et al., 2005; Dmitrenko et al., 2008a] . Figure 2 shows the warming tendency of the AW layer that is consistent with the warming trend exhibited by the M2 mooring temperature record (Figures 3a and 4a ), which has also been previously reported by Polyakov et al. [2007] and Dmitrenko et al. [2008a] . In February -August 2004 the upstream mooring M1 (see Figure 1 for mooring position) measured a sudden FSBW temperature increase totaling $0.8°C [Polyakov et al., 2005; Dmitrenko et al., 2008a] . This warming was attributed to the downstream propagation of a warmer FSBW anomaly that was first recorded in Fram Strait in March 1999 [Schauer et al., 2004] , then detected further downstream in the northern Laptev Sea in February 2004 [Polyakov et al., 2005] , and finally measured along the Lomonosov Ridge in August 2005 [Dmitrenko et al., 2008a] . The propagation speed of this anomaly along the Amundsen Basin margin has been estimated to be $2 cm/s [Dmitrenko et al., 2008a] 
Mooring Time Series Description
[19] The temperature and salinity records from 260 m are dominated by variability which is consistent with a seasonal cycle combined with a background positive trend of 0.14°C/ year and 0.016 psu/year in temperature and salinity, respectively (Figures 3a and 3b) . The background positive tendency has been attributed to the downstream propagation of the AW warm anomaly first recorded in Fram Strait in 1999 [Schauer et al., 2004] and which then propagated along the Amundsen and Nansen basins' margins toward the North Pole [Polyakov et al., 2005; Dmitrenko et al., 2008a] . Within the seasonal cycle at M2, we identify a ''low'' season with cooler and fresher water from December/ January to May/July, and a ''high'' season with warmer and saltier water from May/July to December/January ( Figure 3 ). The classification of ''low'' and ''high'' seasons is made by considering when the 30-day running mean of daily temperature from the FSBW level crosses the 3-year linear trend and is insensitive to the exact number of days used to determine the running mean within the range of 17-41 days. A striking feature of the seasonal variations is that the winter (low season) salinity is lower than summer (high season) salinity ( Figure 3b ). This is contrary to the seasonality one would expect from local sea-ice formation, suggesting the salinity signal observed is not driven by local surface freezing. The mean amplitude of the FSBW seasonal variability is about 0.51°C and 0.06 psu in temperature and salinity, respectively ( Table 2 ). The temperature and salinity standard deviation during the ''low'' season is $30% greater than during the ''high'' season. It is noteworthy that the T-S ranges of the ''low'' and ''high'' seasons show almost no overlap ( Figure 3 and Table 2 ). The M2 temperature and salinity seasonality, with low values in winter is consistent with a 1-yearlong temperature and salinity record from the same area reported by Woodgate et al. [2001] . They attribute an observed À1°C and À0.1 psu anomaly in January -April 1996 to the along-margin propagation of a signal from the Barents Sea outflow. However, as their data is only 1 yearlong that change was not considered as a seasonal effect. Woodgate et al. [2001] described the boundary current as equivalent barotropic [Killworth, 1992] with velocity at 800 m being only 60 to 70 % of the velocity at 250 m. The 1.5 year (2003 -2005) mean velocity profile derived from the upstream M1 mooring (see Figure 1 for mooring position) also shows the AW along-slope velocity at 260 m ($2.2 cm/s) to be greater than the velocity at 700 m (1.8 cm/s) [Dmitrenko et al., 2008a] . This velocity difference fits well with the 54 day lag described above for a transit from the St. Anna Trough. An alternative explanation is the alongslope advection of seasonal signal that starts out vertically displaced. The M3 mooring deployed between Svalbard and Franz Josef Land has measured a temperature maximum time displacement of about 50 days between 70 and 265 m depth and the CTD sections occupied through the BSO have shown temperature maximum delayed by $45 day from 50 to 200 m [Furevik, 2001] .
[21] Following on from our time-lagged cross-correlation analysis, we identified the ''low'' and ''high'' seasons for the BSBW layer ($840 m) by introducing a 54 day time shift relative to the FSBW seasons (Figure 4) . Using other time lags in the statistically significant range of 42-69 day ( Figure 5 ) does not substantially affect the results of seasonal mean estimations given in Table 2 . However, this approach works poorly for the 840 m ''low'' season of 2005. The data (Figure 4a ) suggest the ''low'' season occurred about one and a half months later than would be suggested by the 54 day time shift and this results in a slightly overestimate of the 2005 ''low'' seasonal mean temperature shown in Table 2 (note that the salinity record for this period is missing). This discrepancy suggests that the velocity shear between 260 m and 840 m may vary interannually, a result also suggested by the comparison of the shear quantified by Woodgate et al. [2001] and Dmitrenko et al.
[2008a] discussed above. In general, the temperature and salinity records from 840 m exhibit seasonal amplitudes of 0.10°C and 0.01 psu, which are both about 5 times smaller than those at 260 m (Figures 3 and 4 , and Table 2 ). In contrast to 260 m, the standard deviation of temperature and salinity at 840 m is similar in magnitude in ''low'' and ''high'' seasons. Curiously, the M2 density time series exhibits no clear regularity of seasonal density modification (Figures 3c and 4c ). Although this is because salinity seasons are not always the same as temperature seasons, temperature and salinity contributions to density may compensate each other, which implies the seasonality is predominantly a thermodynamic, not a dynamic effect.
[22] The 3-year mean velocity record from the FSBW core shows a flow heading of 64 deg (true) almost aligned along isobaths with a mean speed of 1.6 cm/s (Figures 3d  and 3e ). At the depth of the BSBW, the flow is slightly weaker (1.1 cm/s), but with virtually the same heading (59 deg true, the same within errors) as is expected from a topographically steered current (Figures 4d and 4e) .
[23] A very curious feature of the velocity record is over the 3 years the mean along-slope AW current weakens and turns in direction (Figures 3 and 4) . In fact, there is some subjectivity in determining the seasonal cycle in velocity, due to the strong high-frequency flow variability, and the comparatively low background velocity magnitude. However, it appears that any reasonable choice results in a weak seasonal cycle in velocity that lags the temperature and salinity seasonal cycles by 45 -75 days (Figures 3, 4 , and 6).
[25] The strongest currents, up to 25 cm/s at both FSBW and BSBW levels, occur in isolated events lasting from several days to one month ( Figure 6 ). Rapid turning of the currents with time is observed through our velocity record (Figures 3, 4 , and 6) and likely indicates the passing of an eddy or meander [Woodgate et al., 2001] . Most of these velocity features extend through the entire AW layer (Figures 3, 4 , and 6); this is confirmed by a relatively high statistically significant correlation (0.74) between velocity records from 260 and 840 m. The core depth is not evident from our two-level fixed-depth observations, while the thermohaline structure exhibits both temperature and salinity negative anomalies relative to the ambient surrounding water (Figures 3 and 4) . The full analysis of eddy-like features is beyond the scope of this paper. However, in the discussion which follows we will consider their temporal occurrence to address the source of seasonality observed at the M2 mooring. In subsection 4.3 we will constrain our analysis to this issue alone, by linking the seasonality of high-frequency (less than 1 cycle per month) signals in temperature and salinity with the seasonality in eddy-like, highly energetic patterns. (Figures 7, 8, and 9 ), allows the changing spectral composition of nonstationary signals to be measured and compared [Foufoula-Georgiou and Kumar, 1995] .
[27] The wavelet power spectra for the 3-year time series of daily mean temperature and salinity (Figures 7 and 8 , left) exhibits high-energy patterns (marked with dashed horizontal lines) for the time period of $365 days, giving qualitative evidence of seasonal modification of both FSBW and BSBW. These spectral maxima at a seasonal frequency are statistically significant at a confidence level of 90% (Figures 7 and 8, left) . The wavelet power spectra shows the seasonal signal is the most energetic pattern, explaining more than 75% of the wavelet spectral energy of temperature and salinity throughout all three years of records for both FSBW and BSBW. Compared to the FSBW, the amplitude of the BSBW variability associated with seasonal cycling is reduced by $8 times for temperature and $5 times for salinity (see the color scale for Figures 7 and 8, left) . Note, however, that the 3-yearlong time series are not long enough to draw reliable quantitative conclusions from the wavelet analysis in a frequency band of lower than one cycle per year.
[28] The wavelet plots also indicate that the higher spectral energy in temperature and salinity variations of less than one cycle per month was predominantly observed during the ''low'' seasons, contoured by red rectangles in Figures 7, 8 , and 9. The energy contribution of these patterns to the entire spectrum is usually less than 25%, but most are statistically significant at the 90% confidence level. In contrast to the 2004 -2005 and 2005 -2006 ''low'' seasons, the 2006 -2007 high-frequency pattern for the FSBW is less clearly defined (Figure 7, left) , and none of these patterns were captured for the BSBW salinity and temperature (Figure 8, left) . While the time displacement between the temperature records from 260 and 840 m has been found above, the wavelet analysis shows no time displacement in the occurrence of temperature and salinity high spectral energy patterns at 260 and 840 m (Figures 7  and 8, left) .
[29] The wavelet spectrum for the velocity magnitude ( Figure 9 ) shows seasonal cycling is not the dominant variability (compare red zones at lower frequencies). For the FSBW core (260 m), the associated narrow maximum centered at a period of 365 days is not statistically significant (see solid black contours), even though it extends throughout the entire duration of the velocity record (Figure 9a ). The BSBW core exhibits a much weaker, but statistically significant seasonal maximum extending toward a lower-frequency band, but this maximum is detected only until July 2006 (Figure 9b ). Perhaps this relates to the curious change in mean flow mentioned above and Figure 7 . The wavelet power spectrum for the time series of (a) temperature, (b) salinity, (c) U velocity (zonal), and (d) V velocity (meridional) from $260 m using the Morlet wavelet transform. The contour levels are chosen so that 75%, 50%, 25%, and 5% of the wavelet power are above each level indicated by red, yellow, green, and blue, respectively, in each of the four images. The black contour lines show the 90% confidence level, using a red-noise background spectrum. The black dashed lines mark the 1-year period associated with seasonal cycling. Red dashed rectangles show the ''low'' seasons within a range of variability of less than 1 month.
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DMITRENKO ET AL.: SEASONAL ATLANTIC WATER MODIFICATION expounded on below. These conclusions are echoed in the wavelet analysis of zonal and meridional velocity (Figures 7  and 8 ). The low-velocity value associated with the average boundary current transport (compared to the higher frequency variability) seems to be the main reason for the weaker presence of the velocity seasonal cycle in the wavelet power spectrum. Aliasing with a higher-frequency band may also corrupt the velocity seasonal maxima.
[30] The velocity wavelet spectrum for the high-frequency band demonstrates patterns similar to wavelet spectra for temperature and salinity (Figures 7 and 8 , right, and Figure 9 ). We argue that the spectral maxima which occurred over the high-frequency band during the ''low'' seasons are attributable to mesoscale features (eddies and/or meanders) with a typical timescale from several days to one month. On the basis of the similarity in occurrence of high-frequency patterns in velocity, temperature, and salinity (Figures 7  and 8) , we link the higher temperature and salinity variability observed during the ''low'' season to the eddy-like mesoscale features carried along the Siberian continental slope by the AW boundary flow (see Figure 1 for the AW circulation scheme). These patterns in the FSBW and BSBW layers seem to be linked only in the ''low'' seasons of 2004 -2005 and 2005-2006 (Figures 7 and 8) . For the ''low'' season of 2006 -2007 the velocity record exhibits almost no energetic patterns for the high-frequency band in either the FSBW or the BSBW (Figures 7 and 8, right) . We attribute this characteristic difference in high-frequency dynamics to the substantial changes which occurred in the low-frequency band. As discussed above, the 2004 to 2007 velocity data show a slowing tendency of the AW alongslope flow resulting in its gradual disappearance (Figures 3  and 4) . Beginning in summer 2006, the eastward alongslope water transport toward the Canada Basin through the junction between the continental slope and the Lomonosov Ridge switched to a much weaker flow toward the north, approximately aligned with the western flank of the (Figure 7 ). In contrast, the majority of eddies/meanders observed before September 2006 typically occurred on a timescale of 7-10 days (Figure 7) . A redistribution of spectral energy to the lower-frequency band beginning in summer 2006 is also evident from the wavelet velocity spectrum (Figures 7 and 8, right) .
Discussion: Potential Drivers of M2 Seasonality
[31] We argue that low/high season differences discussed above are due to the seasonal cycle. Strong seasonal variations of the thermohaline signal upstream in Fram Strait and the BSO were mentioned in the introduction. Thus it should come as no surprise that a seasonal modulation of the AW properties occurs downstream in the eastern Eurasian Basin. Indeed, our data provide evidence that the seasonal cycle exists. We consider next the mechanisms which may deliver a seasonally varying signal to the M2 site. It is possible, for example, that the observed decrease/increase in AW temperature and salinity over the Laptev Sea continental slope is governed not only by a change of the AW thermodynamic state, but also by a dynamically driven seasonal shift of the AW jet relative to the continental slope (Figure 2 ) as was described for the M1 mooring by Dmitrenko et al. [2006] . Furthermore, the East Severnya Zemlya (ESZ) coastal polynya recurring during January -May near the western Laptev Sea continental slope off the Severnaya Zemlya Archipelago (Figure 1b ) may result in seasonal cooling and ventilation of the AW layer due to intensive freezing and sea-ice formation [Martin and Cavalieri, 1989; Ivanov and Golovin, 2007; Walsh et al., 2007] . Here we address the causes underlying AW layer seasonal variability by testing the characteristic signature and possible magnitude of different mechanisms including cross-slope shifting of the AW jet (section 5.1), coastal polynya ventilation (section 5.2), and advection of the seasonal signal from upstream with FSBW and/or BSBW flow (sections 5.3 and 5.4).
Cross-Slope Shifting of the AW Flow Jet
[32] Spatial shifting of the AW jet across the basin margins, whether driven by wind, topography, or dynamical instability, produces an observable TS change which is ''noise'' for our current purposes. Seasonal cycling and/or thermodynamic warming would need to rise above this level to be properly detected by a single mooring record which does not necessarily remain in the AW jet and therefore may contain variability attributed to shifting of the AW jet across the basin margins. The cross-slope CTD transects from 2003 -2007 provide the background information about cross-slope migration of the FSBW jet that will be employed below for interpretation of mooring records following the approach introduced by Dmitrenko et al. [2006, 2008a] .
[33] Dmitrenko et al. [2006] were the first to infer seasonal cycling over the Nansen Basin margin due to cross-slope wind-driven seasonal displacement of the AW jet. Over the northeastern Laptev Sea winds have an offshore component from October to April, while prevailing summer winds are weaker, turning along-shore toward the east in May -September . At the M1 mooring ( Figure 1 ) the on-slope shift of the warmer AW jet was observed in response to off-slope (winter) wind, while the along-slope (summer) wind results in cooling due to offslope AW core movement. The average range of temperature anomalies related to seasonal change in wind patterns was estimated to be ±0.3°C for the upper boundary of the FSBW layer (136 and 161 m) and ±0.2°C at 435 m.
[34] There are several pieces of evidence supporting our speculation that cross-slope displacement of the AW jet is not capable of imposing the magnitude of seasonal cycling observed at the M2 mooring. First, while the cross-slope CTD transect was only taken during August -September Figure 1 for the AW circulation scheme). By the arguments of Dmitrenko et al. [2006] , the typical winter cross-slope offshore wind would cause an offshore surface current, which moves the AW jet further onshore toward the shelf. In this context, the M2 mooring is very unlikely to be sensitive to this scenario because for the five summer seasons of 2003 -2007, all but 2005 suggest that at the time of the CTD section the mooring position was always seaward of the FSBW jet (Figure 2) .
[35] A second piece of evidence comes from comparing temporal (seasonal) and spatial (cross-slope) temperature variability. The cross-slope FSBW temperature standard deviation was retrieved from the annual cross-slope CTD transect (Figure 2 ) by computing the standard deviation for the cross-slope AW core temperatures. From each year, if we assume each CTD cast is a reasonable measure of the FSBW core temperature, we can calculate a mean and standard deviation for the FSBW core temperature. These standard deviations are 0.25, 0.19. 0.1 and 0.18°C for 2004, 2005, 2006, and 2007 respectively. The FSBW temperature standard deviation derived from the 3 years of time series data at M2 (Figure 3a) is greater than this (0.36°C) and the mean FSBW temperature seasonal anomaly of $0.25°C ( Table 2 ), suggesting that the ''noise'' in the mooring record associated with the cross-slope movement of the jet is smaller than the variability in the mooring record. The long-term mean (1894 -1990) FSBW core temperature standard deviation of about 0.18°C reported for this region by Dmitrenko et al. [2008a] is also much less than the M2 FSBW core temperature time series standard deviation. These comparisons, however, imply that some uncertain fraction of the seasonal variance can be caused by lateral shift introducing additional uncertainty in determining the seasonal amplitude. The BSBW demonstrates the same patterns as of the FSBW. The mean BSBW temperature seasonal anomaly of $0.05°C (Table 2) is greater than the [36] We note in passing the cross-slope FSBW temperature standard deviation is much less than the 2003 -2007 warming of $0.8°C. This fact supports our assertion that the M2 mooring accurately captures the time variability of the AW boundary current and that this effect is larger than the effects of the AW boundary current cross-slope migration.
Coastal Polynya Ventilation
[37] Freezing in the coastal polynyas during winter appears to be an important influence on the transformation of AW properties during the AW boundary current transition through the western Laptev Sea [Martin and Cavalieri, 1989; Ivanov and Golovin, 2007; Walsh et al., 2007] . The system of coastal polynyas, large persistent areas of open water or young ice, on the Russian Arctic shelf, known as the Great Siberian Polynya, is believed to be a latent heat polynya [Dethleff et al., 1998] , that is, the opening is driven by offshore components of the surface wind-forcing rather than by a heat source from the water. Extensive stretches of open water up to 200 km wide combined with extremely low air temperatures induce intensive ice formation, brine release, and local ventilation of the water column during winter and early spring. The coastal polynyas approximately follow the 20-25 m depth contour that over most of the Laptev Sea is about 200 km south of the continental shelf edge (Figure 1) . The East Severnya Zemlya (ESZ) coastal polynya overlying the steep continental slope off the Severnaya Zemlya Archipelago (Figure 1b) is the only exception. The shelf polynyas to the south produce water that is not dense enough to sink below the depth of the shelf edge because the shelf waters are strongly freshened in summer by continental runoff [Schauer et al., 1997] . In contrast, the ESZ polynya located far away from riverine inputs does create waters dense enough to ventilate the AW layer, at least down to the depth of $400 m [Ivanov and Golovin, 2007] .
[38] Our overall goals in examining the upstream ice and air temperature conditions over the ESZ polynya are (i) to estimate the variability of these conditions during the translation of the AW flow that was further recorded downstream by the M2 mooring, and (ii) to reveal their potential impact on modification of the AW properties. On the basis of the 2.4 cm/s AW boundary current velocity estimated by Dmitrenko et al. [2008a] , we assume that the AW traveltime between the western Laptev Sea (where the polynya waters would enter) and eastern Laptev Sea (M2 location), a distance of $900 km, is about 1 year. This assumption implies a connection between the ''low'' seasons observed at the M2 mooring and the ESZ polynya openings which occurred one year before during JanuaryMay. We therefore examined the patterns of sea-ice extent (SIE) and surface air temperature (SAT) over the ESZ polynya in 2003-2007. [39] The time series of monthly mean SAT averaged over the ESZ polynya region shown in Figure 1b was derived from the NCEP data set for 2003 -2007 (Figure 10, top) . The subsets of winter means were computed by averaging the monthly mean data from October to May, when the SAT exhibits stable values below zero. The sea-ice data were derived from the AMSR-E ASI daily sea-ice concentration data from 2003 -2007 (Figure 10, bottom) . The SIE is defined over the ESZ polynya region (Figure 1b) as the Ivanov and Golovin [2007] revealed that under typical atmospheric forcing the dense water originating in the ESZ polynya does not penetrate deeper than 400 m. In fact, the modeled depth of density equilibrium between dense water generated by the polynya and ambient water for the 1984 -1985 data was estimated to be $200 m [ Table 1 from Ivanov and Golovin, 2007] . This conclusion is consistent with polynya numerical modeling by Chapman [1999] . A density anomaly greater than $1 kg/m 3 generated by the polynya seems unlikely for a realistic combination of atmospheric conditions, given the fact that the offshore eddy flux removes dense water from the polynya nearly as fast as ice formation can make dense water, so a quasi-steady state is achieved [Chapman, 1999; Ivanov and Golovin, 2007] . Following this conclusion, and given sigma-0 for the surface water layer over the western Laptev Sea of 26.55 kg/m 3 [Dmitrenko et al., 2007] and for the BSBW layer of 27.97 kg/m 3 , one may conclude that polynya-induced vertical mixing may not affect the BSBW layer on a regular, annual basis. Contrary to this conclusion, our mooring record clearly shows that both FSBW ($265 m) and BSBW ($840 m) exhibit seasonal modification (Figures 3 and 4) .
[41] The possible role of the polynyas implies an important connection between the polynya occurrence and the high-frequency AW boundary current dynamics. Primarily during the ''low'' seasons the M2 mooring captured eddylike mesoscale features exhibiting cooler and fresher anomalies through the entire AW layer (Figures 3, 4 , 6 -9). Woodgate et al. [2001] suggest that these features can be generated in the Laptev Sea winter coastal polynyas from the cold and saltier water plumes produced episodically by polynya openings. Although the water in the polynya is more saline than the surrounding shelf waters, the polynya water is fresher than waters of the same density over the slope [Woodgate et al., 2001] . Polynya numerical modeling by Chapman [2000] , Gawarkiewicz [2000] , and Ivanov and Golovin [2007] confirm that eddy flux plays a leading role in transporting polynya-origin water. In this context, the increase in eddy-like activity during the ''low'' season can be linked to a polynya. The majority of eddy-like events were traced through the entire AW layer, but it has been shown above that the ESZ polynya appears to be incapable of modifying the intermediate water layer down to $800 m on a regular basis. From this fact we conclude that the highfrequency AW boundary current dynamics is very unlikely to be linked to a polynya.
[42] Finally, the ESZ polynya is a temporary polynya with a frequency of occurrence of <50% [Bareiss and Görgen, 2005] . Therefore the ESZ polynya water may only occasionally become sufficiently dense to ventilate through the entire AW layer as demonstrated for 1985 by Walsh et al. [2007] . It seems very likely from our mooring records that the ESZ polynya is not capable of ventilating the entire AW layer on a regular seasonal basis.
FSBW Inflow
[43] The seasonal signal in AW inflow through the Fram Striat (at 79°N) is well documented [Quadfasel et al., 1991; Fahrbach et al., 2001; Schauer et al., 2004] . The downstream translation of this signal with the FSBW was recently revealed by long-term observations northeast of Spitsbergen . Therefore further downstream propagation of the seasonal signal with the FSBW along the Siberian continental margin would not be unexpected. Here we compare seasonal oscillations recorded at the M2 mooring with seasonal cycling at the M3 mooring about 2200 km upstream . The M3 mooring was deployed on the Nansen Basin continental slope off Spitsbergen at a water depth of 1010 m throughout [2004] [2005] [2006] (Figure 1) .
[44] Turbulent heat exchange between the AW and surrounding colder water causes substantial reduction of the seasonal thermohaline amplitude (V. V. Ivanov et al., Propagation of seasonal signal in the Atlantic Water layer in the Arctic Ocean, submitted to Journal of Physical Oceanography, 2009). The strongest and most highly correlated seasonal oscillations of temperature (with a range of $1°C) and salinity (with a range of $0.05 psu) at the M3 mooring were observed at 215 m (close to the FSBW core) . A similar seasonal signal with the same mean range of $0.5°C is well resolved in the M2 temperature record at 260 m (Figure 3a) . The coincidence of salinity records from the two moorings is less obvious. Although at the M2 mooring the 12-month harmonic in the salinity record is clearly distinguishable, the shape of this harmonic is substantially distorted (Figure 3b ). Besides the positive trend, which is observed in the temperature record as well, this distortion may be caused by interaction with the shelf-origin waters, discussed earlier, and with the BSBW, as demonstrated in the next subsection.
[45] Transformation of the FSBW core water properties during the transit between M3 and M2 is illustrated by the temperature-salinity (T-S) diagram in Figure 11b (note that the transit time between these sites is likely order a few years). Following the approach introduced by Ivanov et al. [2009] , we distinguish between ''high'' (warmer and saltier) season and ''low'' (colder and fresher) season AW types for the M3 mooring using the regression line to the T-S scatter. Downstream transformation of water properties is predominantly isopycnical, that is, temperature and salinity changes compensate each other, resulting in a very tiny change of potential density. In ''high'' season the mean potential density of the water increases by 0.03 kg/m 3 , while in ''low'' season the density anomaly is negative and is less than 0.01 kg/m 3 . At M3 transition to the high season results in less dense water, whereas at M2 it's the other way around, and at the moment we have no current explanation for this pattern.
[46] In terms of water dynamics, the M3 mooring exhibits a velocity signature that is distinctly different from that of the M2 mooring and the upstream data. The upstream observations across the West Spitsbergen Current by Fahrbach et al.
[2001] revealed an AW flow seasonality with maximum FSBW transport in winter (February), and minimum transport in summer (August). At M2, downstream, the seasonal velocity signal is weak, but the record is dominated by highfrequency (likely mesoscale) velocity variability. In contrast to upstream and downstream, the 1-yearlong velocity time series at M3 demonstrated neither a substantial seasonal signal in the FSBW along-slope boundary current nor highfrequency variability that could be attributed to the mesoscale eddies and/or meanders . It seems thus that the M2 seasonal pattern of high-frequency variability maybe introduced between M3 and M2, possibly by interactions between the FSBW and the BSBW, for examples instabilities on the front near St. Anna Trough as hypothesized by Woodgate et al. [2001] and all the others. This issue is discussed in the next subsection.
BSBW Inflow
[47] The seasonality of the BSBW flow is commonly accepted [e.g., Loeng et al., 1997] and well documented for both the BSO [Furevik, 2001; Ingvaldsen et al., 2004a Ingvaldsen et al., , 2004b and the northeastern Barents Sea [Loeng et al., 1993; Loeng et al., 1997; Schauer et al., 2002a] . This seasonality is closely connected to the seasonal variations in the regional atmospheric pressure fields. The southerly winds, which dominate during the winter, increase the wind-driven part of the AW inflow into the Arctic, while the weaker, more fluctuating easterly winds, which are common in the summer, decrease the wind-driven inflow [Ingvaldsen et al., 2002] . In addition, local sea-ice and atmospheric forcing modify the background seasonal signal flowing into the Barents Sea through the BSO while the BSBW crosses the Barents Sea [Martin and Cavalieri, 1989; Pfirman et al., 1994; Schauer et al., 2002a; Dmitrenko et al., 2009] . Here we examine the capacity of the BSBW inflow into the Arctic Ocean to modify the AW layer thermohaline and dynamic properties.
[48] To find the range of seasonal temperature and salinity amplitudes upstream over the Barents Sea the monthly mean values of temperature, salinity, and water depth for the sigma-0 isopycnals associated with the FSBW and the BSBW cores were computed over the northeastern Barents Sea using the data from the Climatic Atlas of the Arctic Seas 2004 [Matishov et al., 2004] . The spatially distributed individual (snapshot) measurements taken in each particular month were linearly interpolated in a regular 100 km grid over the 200 km search radius. Then the depth, temperature, and salinity of sigma-0 isopycnals of 27.860 ± 0.040 kg/m 3 and 27.985 ± 0.015 kg/m 3 were calculated from the monthly mean vertical profiles for each grid node. An example of the long-term mean annual cycle constructed from the monthly data for the grid node at 75°N and 50°E is shown in Figure 12 . The seasonal cycling is evident for both levels with maximum values in November and minimum values in April -May. The seasonal amplitudes of temperature and salinity for the ''FSBW'' and ''BSBW'' isopycnals at a position of 75°N and 50°E are 1.3°C and 0.08 psu and 0.5°C and 0.02 psu, respectively (Figure 12 ). These results are in agreement with yearlong mooring observations north of Novaya Zemlia by Loeng et al. [1993] [see also Schauer et al., 2002a] showing temperature seasonal cycling down to at least 105 m with maximum values in OctoberNovember 1991 and minimum values in January -April 1992. In fact, seasonality is a feature characteristic of the entire northeastern Barents Sea as is illustrated by the significant seasonal difference between thermohaline char- Figure 13 . Given the fact that the 840 m depth at M2 is dominated by the BSBW, we believe that the seasonality observed in thermohaline properties at this depth is caused by advection of the seasonal signal from the Barents Sea as follows from Figures 12 and 13.
[49] The analysis of the FSBW T-S properties at M2 reveals the possible role of upstream interaction between the FSBW and the BSBW in the seasonal modification of the FSBW at 260 m. Schauer et al. [2002b] suggested that the upper 500 m of the AW boundary current over the Amundsen Basin is conditioned by equal contributions from both AW branches, while at depths greater than 500 m the BSBW contribution is larger. Woodgate et al. [2001] inferred that the far-field effects of BSBW inflow over the shelf junction with the Lomonosov Ridge showed the capacity of the BSBW to modify the FSBW upper layer. Following this hypothesis, we argue that some part of the FSBW seasonal variability in the eastern Laptev Sea may be explained through its upstream interaction with the BSBW. The linear regression through the ''low'' and ''high'' season FSBW temperatures and salinities in the T-S scatterplot in Figure 11 (Figure 11 , left) which are more strongly impacted by the fraction of the BSBW inflow that overlies the FSBW layer. Therefore seasonality observed at 260 m may be partially linked to the seasonal mixing of warmer and saltier FSBW with cooler and fresher BSBW. So the FSBW cooling and freshening we observe during the ''low'' season is partially due to a change in properties (or volume) of the end-members of this mixing process. For example, the FSBW could cool and freshen seasonally, or a seasonal decrease could occur in the volume of the FSBW relative to that of the BSBW; the latter seems to be the case given the fact of increased BSBW transport during the initial phase of the ''low'' season [Schauer et al., 2002a] . Over the M2 region the cooler and fresher FSBW anomaly of JanuaryApril 1996 has been similarly explained by Woodgate et al. [2001] , although it is curious that the change other their 1995-1996 mooring record was more isopycnal than those observed at M2. In contrast to the FSBW, the BSBW layer T-S regression exhibits no patterns that can be obviously linked to seasonal mixing with overlying FSBW (Figure 11 , left).
[50] The additional evidence of interactions between the FSBW and the BSBW comes from comparing the upstream (M3) and the downstream (M2) FSBW salinity in Figure 11 (right). While the lateral and vertical salt fluxes may reduce (Figure 11 , right) is due to interaction with relatively fresher BSBW over the northern Kara Sea.
[51] The seasonality in the Barents Sea outflow detected by Loeng et al. [1993] seems to be very important in terms of explaining the seasonal patterns of water dynamics observed at M2. We speculate that the occurrence of eddy-like features is linked to the seasonal variability in the intensity of the background AW flow. The upstream observations by Ivanov et al. [2009] at M3 north of Svalbard have revealed no substantial seasonality in the background FSBW flow. In contrast, Loeng et al. [1993] reported a seasonal increase in the intensity of the BSBW flow over the northeastern Barents Sea during winter months [see also Schauer et al., 2002a] . Our projection of this result downstream to the confluence between the FSBW and the BSBW underlies our speculation that eddy-like features impact the seasonal signal while propagating from upstream to the M2 mooring.
[52] A maximum outflow from the northeastern Barents Sea to the northern Kara Sea was observed in December during a transitional period from a ''high'' to a ''low'' thermohaline season, which lagged the thermohaline cycle by about several months. The minimum outflow in August was revealed to be five times weaker than in December [Loeng et al., 1993; Schauer et al., 2002a] . Outflow of the BSBW to the Eurasian Basin occurs along the eastern flank of the St. Anna Trough [Schauer et al., 2002a] . If the BSBW maintains its identity through the northern Kara Sea, the seasonal signal in the BSBW transport would imply the susceptibility of a front, forming between the FSBW and the BSBW in or near the St. Anna Trough, to seasonal instability. Schauer et al. [1997] showed that downstream of the confluence between the FSBW and the BSBW, the AW boundary current can be baroclinically unstable. Near the formation region the front between the FSBW and the BSBW is sharpest and most unstable, but downstream, horizontal mixing between the FSBW and the BSBW erodes the front, leaving no clear horizontal distinction between the two branches [Woodgate et al., 2001] . Furthermore, Woodgate et al. [2001] argued that inflow of the BSBW may exert an additional destabilizing effect on the FSBW. Schauer et al. [2002b] reported several deeper water lenses that were colder and lower in salinity than the ambient water, presumably formed from a cross-frontal interaction between the BSBW and the water beneath the FSBW core. They also demonstrated that the density distribution at several off-slope stations north of Severnaya Zemlya is consistent with a subsurface anticyclonic baroclinic eddy field. Dmitrenko et al. [2008b] reported an anticyclonic baroclinic eddy that maintained the identities of the FSBW and BSBW sources along the $1000 km pathway to the M1 mooring. Woodgate et al. [2001] suggested that eddies extending to depths of more than 1000 m near the junction of the Lomonosov Ridge with the Eurasian continental margin close to the M2 mooring (Figure 1) originate from an instability in the front that forms between the FSBW and the BSBW. Finally, the M2 record provides evidence for seasonality in the occurrence of the mesoscale eddy-like features that are observed throughout the entire AW layer down to a depth of 840 m (Figures 3, 4 , and 7-9). The occurrence of these mesoscale features is also associated with a seasonal increase in the intensity of the background AW boundary flow by $2-3 times as is evident from our record (Figures 3, 4 , and 7-9).
[53] All these facts allow the eddy-like features to be considered as a tracer released to the downstream propagating seasonal signal due to the instability of the front between the FSBW and the BSBW in the northern Kara Sea. The displacement between seasonality in water dynamics and thermohaline properties observed at the M2 mooring is generally consistent with that reported for the northeastern Barents Sea by Loeng et al. [1993] . The occurrence of the eddy-like features in the FSBW layer provides indirect evidence that the BSBW outflow from the Barents Sea is capable of modifying the FSBW thermohaline properties.
Conclusions and Final Remarks
[54] Our 3-year (2004) (2005) (2006) (2007) mooring observational data collected in the eastern Eurasian basin at the eastern Laptev Sea continental slope suggest the existence of a seasonal signal, with generally higher temperature and salinity values from December -January to May-July and lower values from May-July to December-January. Our data show that the entire AW layer down to at least 840 m is affected by seasonal cycling, but the strength of the seasonal signal in temperature and salinity is substantially reduced from ±0.25°C and ±0.025 psu at 260 m to ±0.05°C and ±0.005 psu at 840 m. The magnitude of this seasonal signal rises above the level of noise attributed to shifting of the AW jet across the Siberian margin. The velocity seasonal signal is substantially weaker than that of the thermohaline cycle, is strongly hidden by high-frequency variability, and lags the thermohaline cycle by 45-75 day.
[55] We argue that our mooring record shows a time history of the AW seasonal signal which propagates along-margin and is carried from upstream by the AW boundary current. We eliminate ventilation through the coastal polynyas as a possible source of seasonality since polynya water has little ability to affect the entire AW layer on a regular seasonal basis, as required by our data. Our analysis suggests that the seasonal signal in the FSBW warm core (at 260 m) is predominantly translated from Fram Strait, while the seasonality in the BSBW domain (at 840 m) is instead attributable to the seasonal signal inherited from the Barents Sea. At the same time, the characteristic signature of the BSBW seasonal dynamics observed throughout the entire AW layer leads us to speculate that the BSBW has a role in modifying the seasonal properties of the FSBW. The signature of interaction between the FSBW and the BSBW over the mouth of St. Anna Trough in the northern Kara Sea is traced downstream in the northeastern Laptev Sea through mesoscale eddy-like activity that affects the entire AW layer. We consider the quasiseasonal occurrence of these eddy-like patterns to be a tracer of seasonal variability of the AW layer dynamics downstream of the FSBW/BSBW confluence zone. In this context, it is very likely that the BSBW contribution to the heat and salt balance of the Arctic Ocean intermediate waters is currently underestimated.
[56] Although our data are not sufficient to allow us to draw final conclusions, it is evident that the seasonal signal strongly modifies the AW properties even thousands of kilometers away from the source of the AW inflow. While some of our discussion and conclusions are necessarily speculative, the data show an intriguing seasonal signal embedded in the two branches of the Atlantic inflow into the Arctic Ocean, indicating the complexity of the subsurface physical oceanography and heat and salt transport. Further upstream investigations are needed to test our hypothesis. This research should be based on modeling of the area and on improved in situ measurements, especially in the area of the confluence of the two branches in the mouth of the St. Anna Trough.
[57] Finally, and importantly, our results are cautionary for the interpretation of ''snapshots'' of spatially distributed oceanographic data. An along-margin propagating seasonal signal with an amplitude of 0.5 -1.0°C produces ''spatial'' noise that should be taken into account when analyzing the snapshot CTD information: annual sampling may well be aliasing the changing AW temperature, with implications for how we have interpreted CTD data in the past. In addition, any large-scale thermodynamic warming must rise above the level of seasonal ''noise'' to be properly detected by a single 1-yearlong mooring record.
